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supported by statistical tests
Seralini et al. (2012) claim to have found evidence for the long
term toxicity of roundup-tolerant genetically modiﬁed maize
(GMM). Using one-tailed Fishers exact test we show that there is
no statistically signiﬁcant increase in mortality rates or the num-
ber of tumors in rats fed GMM compared to control groups in
the original data.
Seralini et al. state that ‘‘In females, all treated groups died 2–3
times more than controls’’. As follows from the ﬁgures presented: 2
female rats out of 10 died before the mean survival time in the
control group, compared to 29 out of 60 in the six GMM fed groups.
This difference is not statistically signiﬁcant (P = 0.09). Note that
this P-value requires a further correction for multiple comparisons
due to two groups of rats (of different sexes) being independently
analyzed.
Among males 3 rats out of 10 died prematurely in the control
group, compared to 19 out of 60 rats in the six GMM fed groups.
This difference is statistically not signiﬁcant (P = 0.615). Ironically
if we forget about the importance of statistical signiﬁcance and
present the data in a manner used by Seralini et al., we could say
that ‘‘In males, groups with 22% and 33% GMM in their diet died
3 times less than controls’’, however this was not reported. This
difference is also statistically not signiﬁcant (P = 0.291 for each
comparison).
Seralini et al. state that ‘‘In treated males, liver congestions and
necrosis were 2.5–5.5 times higher’’ and that ‘‘Females developed
large mammary tumors almost always more often than and before
controls’’. Two male rats out of 10 had liver pathologies in the con-
trol group, compared to 30 out of 60 GMM fed male rats. Five fe-
male rats out of 10 developed mammary tumors in the control
group, compared to 44 out of 60 GMM fed female rats. These dif-
ferences are not statistically signiﬁcant (P = 0.076 and P = 0.133).
Note that this analysis should be done with care: over 30 differ-
ent organs were analyzed in this study, but data on only a few was
presented, giving rise to the statistical problem of multiple com-
parisons that was not addressed in the article. However, even de-
spite this problem, all reported differences between the number of
rats with speciﬁc organ pathologies in control and GMM fed rats
are not statistically signiﬁcant.
It is also worth noting that tumors are frequent in Sprague–
Dawley Rats: a spontaneous tumor incidence of 45% was previ-0278-6915 2012 Elsevier Ltd.
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Open access under CC BY-NC-ND license.ously recorded during a 1.5 year period (Prejean et al., 1973). The
images of GMM fed rats with large tumors presented by Seralini
et al. are misleading as they imply that such tumors do not nor-
mally occur or occur less frequently in untreated rats. Such tumors
may occur in rats that are not fed GMM and Seralini et al. provide
no statistical evidence that the incidence of tumors in general or
any speciﬁc kind of tumor is increased in GMM fed rats.
The random nature of the observed differences between control
and GMM fed rats in the study is consistent with the lack of dose-
dependent relationships between the amount of GMM in the diet
and the supposed toxic effects of GMM. A news article published
in Nature stated that ‘‘The controversy over the ﬁndings is likely
to be settled only after detailed analysis of the paper and its data,
and replication of the experiments’’ (Butler, 2012). Analysis of the
data suggests that no statistically signiﬁcant ﬁndings of GMM tox-
icity were presented in the ﬁrst place.
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